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Woods-Saxon 



Isotopes investigated in the A ~ 250 region 
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Recent Experiments – UML & ANL collaboration 

Earlier successful prompt spectroscopy using 
Pu and Cm target 

209Bi (1450 MeV) on 248Cm 
208Pb (1430 MeV) on 244Pu 

207,208Pb (1430 MeV) on 249Cf 

246,247,248,249,250Cm 
244,245,246Pu 
248,249,250Cf 
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208Pb (1460 MeV) on 251Cf performed 

ATLAS + Gammasphere        ~15% above 
Coulomb barrier Prompt spectroscopy 



Spectroscopic challenges: analysis, identification 
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Results - 248,250Cf (Z = 98, N = 150,152) 
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209Bi on 248Cm, 207Pb on 
249Cf 

Sankha Hota             Nuclear Structure 2012, ANL 

Even-Z, odd-N isotopes – 247,249Cm and 249Cf 

N = 151, 
9/2+[734] 
N = 153, 
1/2+[620] 

 
Configuration  
assignments  
from B(M1)/

B(E2) 
branching 

ratios 
 

S. K. Tandel et 
al.,  

PRC 81, 
041301(R)  

(2010) 

Ground state 
bands 
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New bands – 245Pu,247Cm and 249Cf (N = 151) 



Neutron single-particle orbitals around N = 152 
1/2[620] - ground state 

     N = 153 isotone 
249Cm 

9/2[734] - ground state 
     N = 151 isotones 

245Pu, 247Cm, 249Cf 

7/2[624] and 5/2[622] 
       Excited bands  

     N = 151 isotones 
245Pu, 247Cm, 249Cf 

Sankha Hota             Nuclear Structure 2012, ANL 
Ahmad & Chasman, PRC 80, 064315 (2009) 



Ground state band in N = 154 isotones 
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209Bi on 248Cm 
18O on 248Cm 

208Pb (1460 MeV) on 251Cf  performed 

R. 
Takahashi  
et al., PRC 

81,  
057303 
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Systematics for N = 150,152 isotones 
N = 150 

i13/2 protons in 244Pu 
Complete, only in Pu 

πi13/2  or νj15/2 in 250Cf ? 
Clues, the odd-N nuclei 
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N = 152 

248Cf  is interesting ! 



Built on 9/2[734]ν 7/2[624]ν , 5/2[622]ν 

GS Bands Excited Bands 

j15/2 neutrons are blocked j15/2 neutrons, i13/2 protons 

Results suggest negligible j15/2 neutrons contribution  
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Systematics for N = 151 isotones 



Octupole band in 248Cf 

Lowest 2+ energy in actinides 
Lowest 2- octupole bandhead 

No alignment ≥ 26+ 
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Cf X-rays 
 

Out of band E1 transitions  
 

Strong population 
 

Similar to 240Pu 



Single-particle energies – 
Woods-Saxon 

i13/2 
f7/2 
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Δj = Δl = 3 
Kπ= 2-{9/2[734]ν,5/2[622]ν} 

j15/2 

g9/2 



Comparison with 240Pu 
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B(E1, out of band)/B(E2, in band) 
branching ratios for the octupole band 



Summary and outlook 
v  High-spin rotational bands - new or extended in  

       neutron-rich 244,245,246Pu, 246,247,250Cm and 248,249,250Cf 
 
v  Systematic investigation of neutron single-particle  
     orbitals in the highest oscillator shells 
 
v  Detailed picture of particle alignments: contribution  
     of i13/2 protons and j15/2 neutrons  
 
v  No alignment in 248Cf , lowest 2+ and Kπ= 2- energy: 
     effect of Octupole correlation ? 

v  Future : exploration of proton single-particle orbitals 
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Changing landscape of A ~ 250 region 

Sankha Hota             Nuclear Structure 2012, ANL 

2009 July 2012 



Collaboration 
S. S. Hota.1, P. Chowdhury1, T.L. Khoo2, M.P. 
Carpenter2, R.V.F. Janssens2, I. Ahmad2, J. P. 

Greene2, S.K. Tandel1,3, D. Seweryniak2,  
S. Zhu2, C.J. Chiara2,4, A. Y. Deo1, N. D’Olympia1,  
C. J. Guess1, G. Henning2, C.R. Hoffman2, E. G. 

Jackson1, F.G. Kondev2, S. Lakshmi1, T. Lauritsen2, 
C.J. Lister1, E.A. McCutchan2,  

C.K. Nair2, V.S. Prasher1, Y. Qiu1, U. Shirwadkar1, I. 
Stefanescu2 

 
 
 

1University of Massachusetts Lowell 
2Argonne National Laboratory 

3UM-DAE Centre for Excellence in Basic Sciences 

4University of Maryland Sankha Hota             Nuclear Structure 2012, ANL 



2+ and 2- energies in N = 
150 isotones 

2+ energy x 10 

Kπ = 2- 
energy 

Dip at 248Cf  
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Results – 245Pu GS [734] and [624] bands 

GS and Excited Bands 

Large error bars 
 Low statistics 

 
[622] not possible 

Higher excitation energy 
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